Few studies have investigated the associations between flavored milk consumption and body composition in children. We aimed to examine the prospective relationships between flavored milk consumption and body fat. SUBJECTS/METHODS: Subjects included 2270 children from the Avon Longitudinal Study of Parents and Children. Flavored milk consumption at age 10 years was assessed using dietary records; consumption was dichotomized as consumers and nonconsumers. Percent body fat was measured using dual-energy X-ray absorptiometry at 11 and 13 years. Body weight at 11 and 13 years was included as a secondary outcome. Associations were also examined in a subset of plausible reporters to evaluate the influence of dietary reporting errors. There was an effect of interaction between flavored milk and baseline weight on body fat (P-interaction o0.02). RESULTS: In plausible reporters, overweight/obese children who consumed flavored milk had less favorable changes in body fat compared with non-consumers (adjusted means: À 0.16%, 95% CI: À 3.8, 3.5 vs À 3.4%, 95% CI: À 6.5, À 0.42, P ¼ 0.02). Similar associations with body weight were observed. The adjusted mean percent body fat for overweight/obese girls who consumed flavored milk was greater at age 13 compared with 11 years (39.7%, 95% CI: 32, 47 vs 38.3%, 95% CI: 32, 44). The mean percent body fat for overweight/obese boys was similar between consumers and non-consumer is at 13 years (30.4%, 95% CI: 20, 41 vs 30.1%, 95% CI: 21, 40). CONCLUSIONS: Overweight/obese children who consumed flavored milk had less favorable changes in body composition over time. Although more research is needed, discouraging flavored milk consumption may be one beneficial strategy to address childhood obesity.
INTRODUCTION
In recent decades, sugar-sweetened beverage consumption has increased, while milk intake has decreased in children, 1,2 alongside an increasing prevalence of childhood obesity. 3, 4 In the United Kingdom, milk intakes have declined across all age groups. 5 From 1997 to 2008/2009 milk intake decreased from a mean of 136 to 107 g/day for girls and 208 to 172 g/day for boys aged 11-18 years. 5 Fluid milk intake, including flavored milk, has been shown to contribute over 60% to dairy servings. 6 Milk is a rich source of nutrients needed for growth and development; 7, 8 consuming adequate amounts of some nutrients may be more difficult without including dairy foods in the diet. 9 Dairy products are also beneficial for bone health and may be protective for cardiovascular disease and type 2 diabetes. 9 Some studies, however, have reported links between dairy intake and prostate 10, 11 and ovarian 12 cancers, suggesting that higher dairy intakes may be harmful in some cases.
Some epidemiological studies have observed inverse associations between milk intake and body composition in children, [13] [14] [15] but flavored milk is often grouped with plain milk. To our knowledge, only one cross-sectional and one prospective study have considered the relationship between adiposity and flavored milk independently from plain milk, 15, 16 and both assessed body composition using body mass index (BMI). Flavored milk contains similar amounts of total and saturated fat, and protein as an equivalent portion of plain milk, but also contains added sugars, providing approximately an additional 60 kcal per serving (1 kcal ¼ 4.186 kJ). 17 However, flavored milk consumption has been linked with higher intakes of some nutrients such as calcium and potassium. 16, 18 Several schools in the United States no longer offer flavored milk to children owing to concerns related to the added sugars and additional calories, as sugar-sweetened beverages have been associated with increased obesity. 19 Our primary objective was to evaluate prospectively the effects of flavored milk on body fat in children from ages 10 to 13 years using the gold standard measure of body fat, dual-energy X-ray absorptiometry (DXA). We examined associations between flavored milk consumption and body weight and relationships with demographic, behavioral and dietary factors. We hypothesized that there would be differences in dietary intakes and demographic factors between flavored milk consumers and nonconsumers and that consumption would be related to higher body fat. We also tested whether effects of flavored milk on body fat were modified by sex or baseline weight.
MATERIALS AND METHODS

Study population
The Avon Longitudinal Study of Parents and Children (ALSPAC) is an ongoing longitudinal cohort study. 20 In brief, 14 541 pregnant women living in the former Avon County in South-West England with an expected delivery date between April 1991 and December 1992 were recruited. A total of 14 536 children were available, which included 13 988 from the original cohort and 548 additional subjects recruited at 7 years. Data were collected through self-reported questionnaires, medical and education records and biological samples. Anthropometric, dietary and body composition measures were collected during clinic visits. There were 5533 children with body composition measures and 2270 with physical activity measures at 11 and 13 years and 2270 had dietary measures at 10 and 13 years. Therefore, we included 2270 children with complete physical activity and dietary measures in this study. The ALSPAC Law and Ethics Committee and the Local Research Ethics Committees and the Institutional Review Board of Boston University Medical Center approved this study. Parents provided informed consent.
Dietary assessment and flavored milk classification
The 3-day dietary records, including 2 weekdays and 1 weekend day, were obtained before the 10 and 13 years clinic visits. Children were asked to record all foods and beverages consumed, in household measures, with parental assistance, as needed. Diet records were reviewed for completeness, and food codes were assigned and weights were applied to foods and beverages using Diet In Data Out. 21 Mean daily nutrient intakes were determined using a nutrient analysis program, BRIGADE, developed based on the fifth edition of McCance and Widdowson's food tables and supplements. 22 For foods not in the databank, the National Diet and Nutrition Survey nutrient databases, manufacturer's information and recipe calculations were used. 23 Flavored milk intake was dichotomized as consumers and non-consumers.
Body composition measurement
Total fat mass, lean body mass and bone mass were determined using a Lunar Prodigy DXA scanner (GE Medical Systems Lunar, Madison, WI, USA) at ages 11 and 13 years. At ages 10, 11 and 13 years, height was measured using a Harpenden stadiometer (Holtain Ltd, Crymych, Pembs, UK), and weight was obtained using a weighing scale (Tanita, http://www.tanita. co.uk). BMI and BMI percentiles were calculated from 2000 Centers for Disease Control growth charts. 24 At baseline, normal weight was defined as BMI between the 5th and o85th percentile and overweight/obesity as X85th percentile at age 10 years.
Dietary reporting error assessment
Plausible and implausible dietary reporters were identified as described previously. 25 In brief, methods developed by Huang et al., 26 which includes creating age-and sex-specific cutoffs for the ratio of reported dietary intakes to predicted energy requirements, were modified to include accelerometer data at age 13 years to capture implausible and plausible dietary reporters at age 13 years. We used reporting errors classified at age 13 rather than age 10 years because dietary intake and physical activity were measured concurrently only at age 13 years in this study, which is required to estimate dietary reporting errors. 25 Covariate assessment Age of each child was assessed at each clinic visit. Maternal BMI was calculated as weight (kg) divided by height (m 2 ) from information selfreported by mothers when their child was 9 years old. Following standard British protocols, maternal educational attainment was defined as none/ Certificate of Secondary Education (CSE), vocational, O level (national school exams at age 16 years, higher than CSE), A level (national exams at age 18 years) or degree. Physical activity was captured as counts per minute at ages 11 and 13 years using uniaxial accelerometers (Actigraph, Fort Walton Beach, FL, USA), which measured movement (amount and intensity) in the vertical plane in 1-min epochs. Instructions included wearing the accelerometer for 7 days during waking hours and removing it only for bathing/showering or participation in contact or water sports. 27 Parents and/or children at age 11 years noted stage of maturation on diagrams based on Tanner charts. Children were categorized as prepubertal, early pubertal or late pubertal based on stage of pubic hair development. A dieting variable (yes/no) was based on information collected on the frequency of dieting during the past year at age 13 years.
Sample sizes for covariates and outcome variables for flavored milk consumers and non-consumers are shown in Supplementary Table 1. Statistical analysis SAS (version 9.1; SAS Institute, Cary, NC, USA) was used for all statistical analyses. Means ± s.d. and frequencies were calculated for child and maternal characteristics; t-test and w 2 analyses were tested for significant differences at Po0.05. General linear models were used to obtain adjusted means of dietary intakes of flavored milk non-consumers and consumers at age 10 years. Means for nutrients and foods were adjusted for sex and total energy; total energy intake was adjusted for sex.
The median (inter-quartile range) of flavored milk intake at age 10 years was 0 (0) g/day; 50 children consumed more than 1 serving of flavored milk per day (250 g of flavored milk ¼ 1 serving) and 11 consumed 41.5 servings per day (375 g of flavored milk ¼ 1.5 servings). Owing to the limited variability in intakes of flavored milk, we modeled flavored milk as a dichotomous variable (consumers vs non-consumers). Prospective analyses were conducted examining associations between baseline flavored milk consumption at age 10 years and changes in body fat from 11 to 13 years. Model 1 was adjusted for age, sex, height, height squared and baseline BMI; quadratic associations between height and fat mass were previously shown in this study population. 28 Model 2 was adjusted for all variables in model 1 as well as physical activity (counts/min), pubertal status, maternal BMI, maternal education, and intakes of total fat (g), ready-to-eat cereal (g), fruit (g), vegetables (g), 100% fruit juice (g), sugar-sweetened beverages (g) and plain milk (g). We also examined models that adjusted for total energy, fiber (g), calcium (g) and dieting at age 13 yeats. Total energy was added separately into a final model, as it may be in the causal pathway between flavored milk intake and body composition. In model 3, we examined associations between flavored milk and body fat in plausible reporters only with adjustment for variables as noted in model 2. We also tested a priori for effect modification by sex or baseline overweight/obesity on the relationship between flavored milk consumption and body fat and weight. For interaction terms with P-interaction o0.10, stratified analyses were performed. For analyses stratified by baseline overweight/obesity status, the sample size included 2164 children, as 20 were missing data for overweight/obesity, 4 were missing data for height and 82 were classified as underweight based on BMI percentile at age 10 years. Because puberty leads to different body composition changes in girls and boys (that is, girls gain body fat, while boys lose body fat), we also examined associations with weight change from 11 and 13 in secondary analyses, using the same strategy described above, to facilitate interpretation.
RESULTS
A total of 16.7% (n ¼ 380) and 13.3% (n ¼ 302) of children consumed flavored milk at ages 10 and 13 years, respectively; 3.6% (n ¼ 81) of children consumed flavored milk at both ages. More boys consumed flavored milk than girls (51% vs 49%, P ¼ 0.01) ( Table 1) . There was no difference in the percentage of overweight or obese children at age 10 years between flavored milk consumers and non-consumers (24.5% vs 20.0%, P ¼ 0.05). There were no differences in body fat or physical activity at ages 11 or 13 years (PX0.05 for all) between flavored milk consumers and non-consumers (data not shown for age 13 years). There were no differences in maternal characteristics between flavored milk consumers and non-consumers (PX0.05). A total of 35.2% of children were classified as under-reporters, 44.1% as plausible reporters and 20.7% as over-reporters. 25 These included 65.7% of overweight/obese children and 53.6% of normal weight children who were classified as implausible dietary reporters (under-or over-reporters).
Flavored milk consumers had higher intakes of total energy, saturated fat, carbohydrate and calcium compared with nonconsumers (Pp0.001 for all) ( Table 2) . Consumers had lower intakes of plain milk (179 vs 200 g/day, P ¼ 0.02). There were no differences in sugar-sweetened beverages, 100% fruit juice, diet beverages or fruit and vegetable intake (PX0.05 for all).
In multivariable adjusted regression analyses, interactions between flavored milk and baseline overweight/obesity status on changes in body fat were observed (P-interaction ¼ 0.015). In stratified analyses, there was no relationship between flavored milk (10 years) and change in body fat from 11 to 13 years among normal weight children. However, there was a smaller change in body fat for those consuming flavored milk compared with non-consumers among overweight/obese participants (adjusted means: À 0.79%; 95% CI: À 2.5%, 0.88% vs À 2.2%; 95% CI: À 3.6, À 0.78; P ¼ 0.02) ( Table 3) . Analyses restricted to plausible dietary reporters showed larger differences in percent body fat between consumers and non-consumers (adjusted means: À 0.16%; 95% CI: À 3.8%, 3.5% vs À 3.4%; 95% CI: À 6.5, À 0.42; P ¼ 0.02). An interaction was also observed between flavored milk consumption and baseline overweight/obesity status on body weight (P-interaction ¼ 0.06), thus stratified results were performed. Among plausible reporters, overweight/obese children consuming flavored milk had a greater change in body weight (weight gain) compared with non-consumers (adjusted means: 14.5 kg; 95% CI: 11.1, 18.0 vs 11.6 kg; 95% CI: 8.8, 14.4; P ¼ 0.02) ( Table 3 ).
Recalling that girls gain and boys lose body fat during puberty, while both gain weight, we descriptively present the adjusted means and 95% CIs of percent body fat and body weight (kg) at ages 11 and 13 years for overweight/obese boys and girls who were consumers and non-consumers of flavored milk among plausible reporters only (Figures 1 and 2) . A similar adjusted mean percent body fat was noted at age 13 years for overweight/obese boys for consumers compared with non-consumers of flavored milk in our sample (30.4%; 95% CI: 19.6%, 41.1% vs 30.1%; 95% CI: 20.6, 39.7, respectively) (Figure 1) . The adjusted mean percent body fat for overweight/obese girls was smaller at age 13 years compared with 11 years for non-consumers (35.3%; 95% CI: 30.1%, 40.5% vs 37.0%; 95% CI: 32.8, 41.2, respectively), whereas the mean percent body fat was greater at age 13 years for flavored milk consumers compared with 11 years (39.7%; 95% CI: 32.2%, 47.2% vs 38.3%; 95% CI: 32.3, 44.4, respectively). For both overweight/obese boys and girls, adjusted mean body weight (kg) was greater at age 13 years than at age 11 years, although the means were greater for overweight/obese boys and girls consuming flavored milk compared with non-consumers (68.2 kg; 95% CI: 58.7, 77.7 and 72.5 kg; 95% CI: 63.2, 81.7 vs 67.3 kg; 95% CI: 58.9. 75.7 and 66.0 kg; 95% CI: 59.6, 72.4, respectively) ( Figure 2) .
Results in all models were similar after adjustment for total energy, fiber, calcium and dieting status (data not shown). In secondary analyses, we also examined associations between changes in flavored milk consumption and changes in body composition; no significant associations were noted (for example, b ¼ 0.0001; 95% CI: À 0.002, 0.002) (data not shown).
DISCUSSION
Several epidemiological studies report protective associations between milk intake and adiposity, [13] [14] [15] 29 while others found no association. [30] [31] [32] In our previous work with this cohort, we found inconsistent associations between milk intake and percent body fat in children from ages 10 to 13 years; relations with nonflavored milk consumption were similar to those seen with total milk intake. 33 One study reported gains in BMI with greater milk consumption, although this appeared to be due to higher energy Means for total energy intake (1 kcal ¼ 4.186 kJ) were adjusted for sex only. Means for all other nutrients and food groups were adjusted for sex and total energy intake (1 kcal ¼ 4.186 kJ). Fruit included all fresh and canned fruits.
f Vegetables included all vegetables, raw and cooked, with the exception of potatoes.
Flavored milk and adiposity in children SE Noel et al intakes. 34 A recent review notes that results from clinical trials in overweight and obese adults show beneficial effects of consuming a reduced caloric diet and 3 servings per day of dairy on body weight compared with a calorie restriction with inadequate dairy servings. 35 However, intervention studies including milk and/or dairy supplementation in children reported no effects on fat mass. [36] [37] [38] Few studies have examined associations between flavored milk and body fat in children. Murphy et al. 16 reported inconsistent results between flavored milk, BMI and BMI z-score across age and sex groups that must be interpreted with caution given its crosssectional design, a single 24-h recall to measure intakes and lack of adjustment of potential confounders. Vanselow et al. 15 found that chocolate milk was not associated with changes in BMI over 5 years. In that study, beverage intakes were measured using a food frequency questionnaire and body composition using BMI calculated from self-reported height and weight. That study also included older children (mean age 14.9 years) and examined changes over a longer time period. Our study assessed flavored milk consumption using dietary records and body fat using DXA measures among children aged 11-13 years, which may explain differences in findings. Vanselow et al. 15 reported that the effect between chocolate milk and changes in BMI was not modified by overweight status. Although it is possible that effect modification findings may occur owing to chance, other studies have also reported interactions with baseline body weight. [39] [40] [41] Further, we repeated our analysis among those with a BMI o15th percentile to test whether effects were a statistical artifact and found no evidence of an interaction, further supporting the validity of this result. Values are adjusted means (95% CI) calculated using general linear models; P-values were obtained with Tukey's honestly significant differences test. The total sample size for these analyses was 2164 (20 children were missing data for overweight/obese, 4 were missing data for height and 82 children were not included as they were classified as underweight based on BMI percentile at age 10 years). Normal weight was defined as BMI between the 5th percentile and o85th percentile. Model 1 was adjusted for change in age, sex, change in height and change in height squared.
d Model 2 was additionally adjusted for pubertal status, maternal BMI and educational attainment, as well as changes in physical activity and dietary intakes (total fat, ready-to-eat cereal, 100% fruit juice, sugar-sweetened beverages, plain milk and fruit and vegetables).
e Model 3 examined associations among only plausible reporters (n ¼ 708 in normal weight children and n ¼ 138 in overweight and obese children). The model was adjusted for sex, pubertal status, maternal BMI and educational attainment, as well as changes in age, height, height squared, physical activity and dietary intakes and dietary intakes (total fat, ready-to-eat cereal, 100% fruit juice, sugar-sweetened beverages, plain milk and fruit and vegetables).
f Baseline overweight/obese status was defined as BMI X85th percentile of the 2000 CDC growth charts.
Boys ( . Adjusted means and 95% CIs of body weight (kg) for consumers and non-consumers of flavored milk in overweight/ obese boys and girls at ages 11 and 13 years. Analyses were conducted in overweight/obese boys and girls who were classified as plausible reporters (n ¼ 138). Means were adjusted for pubertal status, maternal BMI and educational attainment, as well as changes in age, height, height squared, physical activity and dietary intakes (total fat, ready-to-eat cereal, 100% fruit juice, sugar-sweetened beverages, plain milk and fruit and vegetables).
Flavored milk has a similar micronutrient profile to plain milk, but has higher calories owing to added sugars. 17 Murphy et al. 16 reported similar intakes or no differences in added sugar consumption by milk drinking status (flavored vs plain vs nonmilk drinkers) for children aged 6-11 and 12-18 years. For boys aged 6-11 and girls 12-18 years, mean added sugar consumption for plain milk consumers was lower than for flavored milk drinkers and non-drinkers. Surprisingly, in our study, flavored milk consumers had a slightly lower intake of non-milk extrinsic sugars (added sugars) per day compared with non-consumers after adjusting for sex and total energy. Yet, the observed difference was very small (86 vs 89 g/day, respectively) and is likely of limited clinical importance; other differences in dietary intakes such as fruit and vegetable intakes were also surprisingly small (Table 2) . There was, however, an almost 150 kcal difference in total energy intake between consumers and non-consumers (2064 vs 1917 kcal, respectively). Although we adjusted for a range of socioeconomic, lifestyle and dietary covariates, including dieting at age 13 years, residual confounding remains possible. It is possible that dieting status influenced intakes, as dieting has generally been associated with poorer food choices and lower intakes of several nutrients. [42] [43] [44] Conversely, other studies have noted that more healthful weight control behaviors such as dieting may be associated with improvements in dietary intake. 44, 45 In our study, a greater proportion of non-consumers compared with flavored milk consumers reported dieting and had lower intakes of several nutrients and higher intakes of dietary fiber. However, there were no differences in intakes of several food groups consumed, including beverages, fruits, vegetables, ready-to-eat breakfast cereals and sweets/cookies. Although our findings were similar after adjusting our analyses for dieting status at age 13 years, this is an important area of study and further research on the association between obesity, dieting and beverage intake, such as flavored milk, is warranted. It may be that children who do not consume flavored milk and/or their caregivers were aware of the deleterious influences of obesity on health and had already adopted lifestyle changes that favorably influenced body composition. Unfortunately, we did not have the measures available to assess this question in this study. It is also possible that flavored milk intake may be part of an overall unhealthy lifestyle or dietary pattern that is associated with higher energy intakes and subsequent weight gain. Further research is needed to reproduce our study findings and clarify the relationship between flavored milk consumption and body composition.
Flavored milk intake has been reported to increase milk consumption and decrease sugar-sweetened beverages and may increase intakes of several beneficial nutrients among children. 16, 18 In this study, flavored milk consumers had higher calcium intakes compared with non-consumers (917 vs 796 mg/ day, respectively). The Institute of Medicine recently reviewed evidence on the benefits of consuming calcium and vitamin D due to conflicting messages in recent years and noted that intakes are adequate for individuals living in the United States and Canada, with the exception of girls aged 9-18 years. 46 Mean intakes of calcium were below the Reference Nutrient Intake for British girls aged 11-18 years in 2008-2009. 5 The increased calcium obtained from drinking flavored milk, however, does not seem a reasonable tradeoff in light of the added calories it provides. Thus, children not meeting calcium recommendations should consider increasing intakes of calcium-rich foods such as salmon, tofu, fortified cereals or lower calorie dairy foods.
This study has several important strengths and limitations. Body composition was measured using DXA and dietary intake using 3-day dietary records, both considered gold standards. We assessed dietary reporting errors at age 13 years only because of the availability of concurrent measures of dietary intake and physical activity at this age, as these two variables are critical in determining the plausibility of dietary reporting. However, this may have contributed additional error in our analysis, as flavored milk consumption was categorized at age 10 years, several years before our measure of plausible and implausible dietary reporters. We did however find stronger effects in analyses among plausible reporters, underscoring the importance of accounting for measurement error in dietary studies. Our study included a large number of children with repeated measures of body composition and analyses were adjusted for a considerable range of potential confounders, including physical activity measured using accelerometer data. Unfortunately, baseline dietary intakes were not assessed at the same time point as the first DXA measurement at age 11 years. Thus, our analyses were adjusted for BMI at age 10 years rather than body fat and we examined changes in body fat from 11 to 13 years. Our sample also has limited heterogeneity. Although studies are needed in diverse groups, we do not expect that biological associations between flavored milk and body composition would be different in other groups of children. Finally, in our study, there was insufficient variability in intakes of flavored milk to study consumption as a continuous variable, which would shed additional light on associations with body composition and dietary intakes.
In conclusion, limited research on the relationship between flavored milk consumption and body composition in children exists, and, to our knowledge, no other studies have measured body fat using DXA and adjusted for dietary reporting errors. Our study found less favorable changes in body fat and body weight for children consuming flavored milk compared with nonconsumers over a 2-year period. Although more research is required, discouraging flavored milk consumption may be one beneficial strategy for addressing childhood obesity among overweight/obese children; however, flavored milk intake in children of normal weight does not appear to be a determinant of body fat or weight gain.
